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ABSTRACT  
 
Background: The unavailability or inadequacy of data about the quantity and composition of health care waste is one of the 
reasons for poor solid healthcare waste management. This study was done to assess the per bed generation rate and physical 
composition of solid healthcare waste so as to produce baseline data and recommend appropriate management options.  
Methods: Gondar University Regional Referral Hospital which has 367 beds, 17 examination rooms, 6 supportive departments, 
14 admission rooms grouped under 5 main departments and administrative offices was selected. The solid healthcare waste 
was collected and measured from Monday to Sunday consecutively by using plastic buckets of known color, mass and volume to 
estimate the amount of waste generated.  
Results: The average generation rate of solid healthcare waste was found to be 0.95 kg/bed /day and 0.142 gm/outpatient/day 
in the inpatient and outpatient departments, respectively. The mean HCW generation in the seven consecutive days for general 
waste, infectious waste, sharp waste, pathological waste, pharmaceutical waste, and radiological waste were 184 + 27.9, 128+ 
27.3, 3+ 1.7, 18+ 5.4, 6+ 5.2, and 3+ 2, kg, respectively.  
Conclusions: Although the generation rate of health care waste was very less compared to other studies, the efficiency of 
proper management was poor .Based on the findings; it can be recommended that there is an urgent need for raising aware-
ness and providing education on medical waste issues. 
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INTRODUCTION  

 
Any anthropogenic activity generates some waste. 
For example, many industrial activities generate 
toxic waste and effluents while consumption activi-
ties generate various types of waste (1). Health-care 
activities lead to the production of waste that may 
lead to adverse health effects. However, most of this 
waste is not more dangerous than regular household 
waste. Of course, some types of health-care waste 
represent a higher risk to health. These include infec-
tious waste (15% to 25% of total health-care waste) 
among which are sharp waste (1%), body part waste 
(1%), chemical or pharmaceutical waste (3%), and 
radioactive and cytotoxic waste or broken thermome-
ters (less than 1%) (2, 3, 4). The generation rate of 
such waste differs not only from country to country 
but also within a country. Waste generation depends 

on numerous factors, such as waste management 
methods, type of health-care establishment, speciali-
zations of the hospital, ratio of reusable items in use, 
ratio of day care proportion of patients treated on a 
daily basis (4,5). 
 
Epidemiological studies indicate that a person who 
experiences one needle-stick injury from a needle 
used on an infected source patient has risks of 30%, 
1.8%, and 0.3% to become infected with HBV, HCV 
and HIV, respectively (6). Each year, globally, the 
reuse of dirty injection equipment causes an esti-
mated 8 to 16 million infections with hepatitis B vi-
rus, 2.3 to 4.7 million infections with hepatitis C vi-
rus, and 80, 000 to 160, 000 infections with HIV. 
Together, these chronic infections are responsible for 
an estimated 1.3 million early deaths and loss of 26 
million years of life, and lead to US$ 535 million in 
direct medical costs (7). 
 
It is obvious that the amount and type of waste gen-
erated from healthcare activities in the country is not 
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 yet measured. Only very little research has been done 
in the area making it difficult for decision makers 
and experts to bring the issue into the priority agenda 
so as to develop management plan and policy. There-
fore, This study was conducted with the objective of 
assessing the per bed generation rate and physical 
composition of solid healthcare waste at Gondar Uni-
versity Hospital in order to produce baseline data and 
to recommend appropriate management options. 
 

METHODS 

 
Study Design: A cross-sectional study design was 
used to address all objectives of the study. 
 
Sampling Technique: The convenience sampling 
technique was used to select Gondar University Hos-
pital. The hospital's 367 beds, 17 examination rooms, 
6 supportive departments, 14 admission rooms 
grouped under 5 main departments and all adminis-
trative offices were included in the study. 
 
Data Collection: Before the actual collection, meas-
urement and sorting of the solid health care waste 
commenced, a three-day pre-test was carried out to 
evaluate the relevance and applicability of the 
method at the hospital to ensure the quality of data. 
 
The solid healthcare waste was collected and meas-
ured daily from Monday to Sunday for seven days. 
Each bedroom, the OPD, laboratory, pharmacy, 
kitchen, and other supportive staff like laundry were 
provided with five plastic buckets of different colors 
and one safety box for sharp waste collection. The 
buckets, safety boxes and plastic bags were labeled 
to indicate the different categories of healthcare 
waste, date of collection and sample number.  
 
The plastic bags were removed every morning and 
their weight and volume measured every day using a 
weighing scale and labeled bucket, respectively. The 
different categories of waste i.e. general waste, infec-
tious waste, sharp waste, pathological waste, pharma-
ceutical waste and radiological waste were measured 
in different containers. 
 
A different group of data collector was used to col-
lect waste from administrative activities, the kitchen, 
and other sources. The study was carried out during 
April 2007. 
 
 
 

Determination of HCW Generation Rate: Health 
care wastes were measured using labeled buckets of 
5, 10, 15 and 20 liters each. After volume measure-
ment weight determination was carried out using a 
calibrated sensitive weight scale. The wastes col-
lected from each bed room using six containers for 
general, infectious, sharp, pathological, pharmaceuti-
cal and radiological wastes, respectively were further 
sorted and measured every day since source segrega-
tion was not perfect. 
 
Finally the HCW generated per bed per day and per 
out-patient per day was determined by dividing the 
total health care waste generated by the number of 
occupied beds, and the healthcare waste generated in 
the out-patient department by the total out-patients 
on daily basis. 
 
Data Analysis: Data was cleaned, entered and ana-
lyzed using the SPSS version 13 statistical package 
for windows. Descriptive outcomes were calculated 
using scores of mean, median and standard deviation 
P-values were calculated to check the statistical cor-
relation among the different variables. 
 
Ethical Issues: Ethical clearance from Addis Ababa 
University and permission from the office of medical 
director of University of Gondar Hospital was se-
cured. Finally, the data were collected up on securing 
informed consent from all head nurses of the differ-
ent wards. 
 

RESULTS 

  
The results of this study showed that the generation 
and composition of healthcare waste was different in 
different sections or wards of the hospital. 
 
The highest quantities of hazardous waste were re-
corded at the surgical, maternity and gynecological 
wards, especially in the labor and operation rooms 
that is 36 and 28kg/day respectively (table 1). 
 
Average HCW generation in the seven consecutive 
days for general waste, infectious waste, sharp waste, 
pathological waste, pharmaceutical waste, and radio-
logical waste  was 184 +  27.9, 128+ 27.3, 3+ 1.7, 
18+ 5.4, 6+ 5.2, and 3+ 2, respectively (Table 2).  
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Table 1: Proportion of general waste and hazardous waste generated at GUH, April 2007 

 Ser. 
No. 

Section General waste 
  

Hazardous waste 
  

(kg/day) (m3  /day) Kg/m3/day (kg/day) (m3 /day) Kg/m3/day 
1 Medical ward 28.0 0.111 252.3  22.00 0.0954 230.6 
2 Surgical ward 27.00 0.131 206.1 36.00 0.18 200.0 
3 Gyn-Obs ward 10.00 0.05 200.0 28.00 0.098 285.7 
4 Pediatrics ward 14.00 0.078 179.5 12.00 0.074 162.0 
5 Ophthalmology ward 5.00 0.0197 253.8 5.00 0.025 200.0 
6 Physiotherapy 4.00 0.021 190.5 2.00 0.015 133.3 
7 Medical OPD 4.00 0.161 24.8 6.00 0.03 200.0 
8 Surgical OPD 6.00 0.0384 156.3 8.00 0.049 163.3 
9 Gyn-Obs OPD 6.00 0.036 166.7 6.00 0.045 133.3 
10 Pediatrics OPD 1.00 0.0062 161.3 1.00 0.002 500.0 
11 Other OPDs 8.00 0.052 153.8 8.00 0.06 133.3 
12 Laboratories 9.00 0.0423 212.8 10.00 0.052 192.3 
13 Pharmacy 3.00 0.0127 236.2 7.00 0.0397 176.3 
14 Radiology 2.00 0.0173 115.6 5.00 0.016 312.5 
15 Laundry 3.00 0.0138 217.4 2.00 0.0075 266.7 
16 Kitchen 27.00 0.079 341.8 0.00 0.00 0.00 
17 Offices 5.00 0.03 166.7 0.00 0.00 0.00 
18 Open areas near to the 

wards 
22.00 0.110 200 0.00 0.00 0.00 

Total 184(54%) 1.00 184.0 158(46%) 0.87 181.6 

Table 2: Mean, standard deviation, maximum, minimum, and total HCW generation (kg) in the seven days at dif-
ferent sections in GUH, April 2007. 

  General Infectious Sharp Pathological Pharmaceutical Radiological 
Day    1 206 147.1 5.38 18.1 15 5.34 
Day    2 223.7 146.5 4.95 23 9 3.6 
Day    3 188.7 126.3 5.66 9.7 7 4.34 
Day    4 190.8 139.5 3.012 22 5.5 2.67 
Day    5 184.05 158 3.87 21.5 6 2.67 
Day    6 156.74 97.65 1.52 12.4 0 0 
Day    7 141.5 85.62 1.54 23 0 0 
Mean 184 128 3 18 6 3 
Maximum 223.7 158 5.88 23 15 5.340 
Minimum 141.5 85.62 1.25 9.7 0 0 
STDEV 27.9 27.25 1.73 5.4 5.2 2.04 
Sum 1291.5 900.67 25.9 129.7 42.5 18.62 

  Among the various wastes generated general waste 
(53.82%), infectious waste (37.35%), and Pathologi-
cal waste (5.29) have the lion share account respec-
tively however pharmaceutical (1.76), sharp (0.88), 
and radiological waste (0.88) score the least. 
 
The mean patient flow and HCW generation were 
359+ 3.9, 342+ 10.87 respectively. This shows the 

HCW generation rate is assessed as follows  
(Inpatient) Average daily waste in kg 

Total mean waste generated daily 342 
Total mean occupied beds 359 
Generation rate (kg/bed/day) 0.95 

HCW generation rate from OPD 
Total mean HCW from OPDs 54.0 
 Total mean patients at OPD 380.0 
Generation rate (kg/client/day) 0.142 
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 generation rate is highly affected by patient flow. 
The line graph below (Fig. 2) shows a statistically 
significant correlation between patient flow and the 
generation rate of solid healthcare waste with P- 

value of 0.002. The fluctuation of occupied beds in 
the study hospital was very small but the generation 
rate was highly affected.  
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Figure 1: HCW generation rate by physical composition in GUH, April 2007  
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Figure 2: The generation rate and patient flow in the study period at GUH, April 2007 
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DISCUSSION 

 
The generation and composition of healthcare waste 
was different in different sections or wards of the 
hospital (table 1). The variation could be due to the 
characteristics of each unit which required a different 
type of diagnosis and treatment. Some diagnosis and 
treatment methods produced more waste than others. 
 
Compared to the overall waste produced at each spe-
cific ward, the highest quantities of hazardous waste 
were recorded at the surgical, maternity and gyneco-
logical wards, especially in the labor and operation 
rooms (table 1). This may be due to the fact that at 
least six mothers delivered daily during the study 
period. Studies elsewhere also demonstrated that 
facilities which produced larger quantities of hazard-
ous wastes were in the maternity and gynecological 
sections and the operation theater (8). 
 
Average HCW generation in the seven consecutive 
days for General waste, Infectious waste, Sharp 
waste, Pathological waste, Pharmaceutical waste, and 
Radiological waste  was 184 +  27.9, 128+ 27.3, 3+ 
1.7, 18+ 5.4, 6+ 5.2, and 3+ 2, respectively (Table 2). 
The variation between different types of waste may 
be due to differences in the number of beds covered, 
types of cases diagnosed and treated in the stated 
period of time. 
 
This study showed that there was a significant differ-
ence in mean HCW generation rate between waste 
types (p value <0.05) . The significant variation of 
means of the different types of waste might be due to 
the type of service demanded by the patients 
(medical, surgical, gynecological, etc), type of facil-
ity available in the different departments or cases of 
patients, number of patients demanding each specific 
type of service, etc 
 
General waste was the largest (53.82%) of the vari-
ous types of waste. That was, perhaps, because it was 
a combination of the waste of such supportive de-
partments as the office, the kitchen, outdoors and 
patient care activities. Similar studies showed esti-
mates of the general portion of HCW that is 80%, 75-
90%, 51.5%, respectively (2, 7, and 10).  
 
Although the percentage of the different studies dif-
fers, it is clear that if source segregation is accom-
plished, the general portion of the HCW will have 
the lion's share. It is also clear that the quantity of 

sharp waste is the least, about 1%. This may be due 
to limited sources of generation, that is, except ad-
mitted patients and emergency cases, the rest of the 
patients take injections at nearby health facilities. 
The percentage is compatible with that of other stud-
ies which is 1% (2). 
 
Waste generation was also estimated for the in-
patient and out-patient departments. The result of this 
study revealed that 0.95 kg/bed/day and 0.142 kg/
patient/day healthcare waste was generated in the 
inpatient and out patient departments, respectively. 
The waste generated in the outpatient department 
was far less than that of the inpatient department. 
This might be because: (1) the outpatients were in-
cluded to the inpatients during calculation, (2) the 
clients in the outpatient department stayed for a short 
period of time that is until they saw their physicians, 
(3) they demand only limited hospital service. 
 
In conclusion the results of this investigation indi-
cated that 54%, 37%, 5%, 2%, 1% and 1% general, 
infectious, pathological, pharmaceutical, radiological 
and sharp wastes respectively were generated. The 
total hospital waste was found to be 342 kg/day. The 
generation rate per bed per day was found to be 
about 0.95 kg/bed/day which was extremely low 
compared to that of developed countries which gen-
erate up to 8 kg/bed/day. Out of the overall HCW, 
the hazardous portion was found to be 158 kg/day 
(46%) by weight and 0.87 m3 by volume.  
 
Based on the findings, we recommend the following: 
1. Pathological waste should be managed in pla-

centa pit. 
2. Pharmaceutical wastes should either be reused or 

turned back to the manufacturer. 
3. Radiological waste should be recycled. 
4. Hazardous portion of HCW should be inciner-

ated with the available incinerators. 
5. Infectious waste should be sterilized at each sec-

tion using the available autoclaves before it is 
sent to the final disposal options. 

6. General waste should be composted. 
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